Background: Malaria predisposes children in malaria-endemic areas to concurrent 36
INTRODUCTION

64
Invasive bacterial infections have been associated with high mortality in children with severe 65 malaria in Sub-Saharan Africa (1-5). Recently, malaria has been shown to strongly predispose 66 children in malaria-endemic areas to bacteremia (6). The risk of concurrent bacteremia and 67 severe outcome has forwarded the use of antibiotics in combination with antimalarial therapy 68 in patients with severe malaria (7, 8) . Antibiotics are, however, also administered to patients 69 with uncomplicated forms of malaria due to fear of severe outcome, especially in travelers 70 with imported malaria in non-endemic areas. The importance of bacterial co-infections has 71 not been reported in mild malaria, nor has it been systematically described in adults and 72
travelers. 73 74
The most frequent pathogens isolated in blood from children with severe P. falciparum 75 malaria are non-typhoid Salmonella species (NTS) and other Gram-negative bacteria (2) (3) (4) (5) . To 76 what extent there is a causal relationship between Plasmodium infection and bacteremia is 77 presently unknown. Intestinal translocation of bacteria, immunosuppression and increased 78 erythrophagocytosis have been suggested as possible mechanisms for increased susceptibility 79 to bacteremia in malaria-infected individuals (9, 10) . 80 81 A better understanding of the co-morbidity and pathogenesis behind malaria and bacterial 82 infections is needed. Current data are primarily based on studies in African children where 83 results can be challenging to interpret due to high background asymptomatic parasite 84 prevalence, and the bacteremia might be the actual primary and independent cause of disease. 85
Studies of bacterial infections in travelers with malaria can therefore be highly informative 86 since there is little risk of diagnostic misclassification. Although stated in a few reports from 87 intensive care units (11, 12) , the frequency of bacterial co-infections has not been 88 systematically assessed in travelers with malaria. broad-spectrum antibiotic therapy, even though the bacteriological diagnosis might be 92 indefinite (8). In Europe and the US, 12,000 and 1,500 malaria episodes, respectively, are 93 diagnosed yearly (13, 14) . Imported malaria requires special attention because of the 94 potentially high mortality, as well as the risk of delayed diagnosis of Plasmodium infection 95 due to limited awareness among clinicians in non-endemic settings (15). Conversely, the 96 diagnosis of malaria could also delay the taking of blood culture and administration of 97 antibiotic treatment. 98
99
In the present study, bacterial co-infections were investigated in travelers diagnosed with 100 malaria in Sweden. Microbiology data (bacterial cultures from blood and other locations) 101
were systematically reviewed and correlated to clinical data. 
Blood cultures 179
Blood cultures were drawn in 417 (55%) patients. Bacteria were isolated from nine patients of 180 which six were coagulase-negative staphylococci ( 
Cultures from other locations 212
A more detailed review of bacterial data including cultures from other locations was 213 performed in 424 patients treated in Stockholm. In total, 188 (44%) had a culture performed 214 from urine, feces, nasopharynx, pharynx, sputum, cerebrospinal fluid and/or wound (Table 1) . 215
Urine cultures were performed in 26% of the patients, and eight out of 13 positive urine 216 cultures were positive for Enterobacteriaceae. Fecal cultures showed the highest positivity 217 ratio (24%). Cultures from other locations were more rarely performed and seldom positive 218 (Table 1) . Four patients had positive cultures from two locations. 219 9
The majority of cultures (92% of blood cultures) were drawn on the day of admission whereas 221 the remaining cultures (8% of blood cultures) were performed due to lack of clinical 222 improvement on the following days ( Table 2 ). The number of cultures was similarly 223 performed irrespective of age of the patient or Plasmodium species and there was no 224 difference in positivity. Neither was there any difference in the number of cultures in relation 225 to sex. However, more women (12%) than men (5%) had positive bacterial cultures (P = 226 0.047), a difference explained by higher number of positive urine cultures among women 227 (eight positive urine cultures compared to two among men). 228
229
Clinical data and antibiotic treatment 230
Complete clinical records and microbiology data were available for 291 of the patients 231 diagnosed in Stockholm. In total, 39 patients (13%) had signs of severe malaria (according to 232 WHO criteria) including neurological impairment and/or coma (n=25), circulatory collapse 233 (n=16), renal impairment (n=13), respiratory distress and/or pulmonary oedema (n=12), 234 jaundice (n=5), and parasitaemia >2% (n=38). Twelve patients were admitted to the ICU (all 235 with P. falciparum); ten due to severe malaria (3.4%), one due to convulsions after 236 mefloquine intake and one for cardiac supervision during quinine infusion. There were no 237 events of death. Blood cultures were drawn in 30 (79%) patients with severe malaria and none 238 were positive. Other cultures were performed in 20 (51%) of these patients, and three urine 239 cultures were positive (two E. coli and one Enterococcus sp.). 240
241
Blood cultures were performed similarly among the 291 patients irrespective of patient's sex 242 (P = 0.565) and origin in malaria endemic area (P = 0.570). Clinical characteristics of the 243 patients having and not having blood cultures taken are outlined in Table 3 . 244 245 Antibiotics were administered in 38 patients (13%), and 26 (9%) were given antibiotics at the 246 time of admission. A blood culture was drawn before antibiotic treatment was initiated in 37 247
on November 5, 2017 by guest http://jcm.asm.org/ Downloaded from 10 of these patients. Up to three different antibiotics were given to the same patient, either in 248 parallel or consecutively and most commonly used were cephalosporines (27%), quinolones 249 (24%) and penicillin (18%). In 11 patients (29%), the reasons for giving antibiotic treatment 250 were positive microbiological culture (n=9) and/or radiological findings , i.e. lung 251 consolidation as sign of pneumonia (n=3). For 18 patients (48%), antibiotic treatment was 252 neither based on a positive culture (significant) and/or x-ray, nor based on the patient having 253 severe malaria, and therefore labelled "presumptive treatment", which included rationales like 254 "bacterial coverage, fever, suspected pneumonia, high CRP, sepsis treatment, and prophylaxis 255 against gram-negative sepsis". 256
257
Administration of antibiotics was associated with high CRP levels at admission and severity 258 of disease, but not with WBC levels or Plasmodium species (Table 4) . Among the twelve 259 patients treated in the ICU, ten were given antibiotics. In total, 27 of the 39 patients (69%) 260 with severe malaria were not given antibiotics. If, hypothetically, the threshold for 261 hyperparasitemia in severe malaria was changed from 2% to 5%, eight of 17 patients (47%) 262 with severe malaria were not given antibiotics in this study material. One patient with non-263 severe disease had a positive culture (nasopharyngeal) but was not given antibiotics. African settings (1,2,4,17). Gram-negative bacteria and especially NTS are the most common 285 pathogens isolated from blood in children with severe malaria and associated with the highest 286 mortality (2-5). Malaria predisposes children to bacteremia in malaria-endemic areas (6). The 287 incidence of NTS bacteremia has also been associated with recent malaria (18); and has 288 decreased with decreasing malaria prevalence in an endemic area (19). However, a lack of 289 correlation between severe malaria and bacteremia has also been reported (20) . 290 291 In our study, bacterial cultures were performed in 63% of the patients; 55% from blood and 292 44% from other locations. The cultures were mainly taken on the day of admission 293 presumably as part of the routine management of patients with fever after tropical visits, or as 294 part of the diagnostic procedures in patients with organ specific symptoms. Bacterial isolates 295 of clinical relevance were detected in 20 (4.9%) patients. 296 297 Antibiotics were given (mostly already at admission) to 13% of the patients with confirmed 298 malaria diagnosis. According to WHO and national guidelines the threshold for broad-299 spectrum antibiotics should be low in the management of patients with severe malaria and/or 300 secondary bacterial infections (7, 8, 21 (22). Here, the mean CRP levels, but 310 not WBC, were higher in patients with a bacterial co-infection. However, high levels (up to 311 348 mg/mL) were detected also in patients with negative cultures and who improved without 312 antibiotics, indicating that elevated CRP could also be due to just the malaria infection 313 (23, 24) . Although the levels of CRP have been correlated with P. falciparum parasite densities 314 (23-26) high levels are not necessarily associated with severity of disease in malaria patients 315 (27). Here, the two patients with bacteremia had low-moderate CRP levels and the ROC curve 316 analysis indicated that CRP only had a fair predictive value for bacterial co-infections in 317 malaria patients. Thus, more sensitive and specific markers of bacterial infections are needed. In reports describing malaria at ICU in high-income countries, bacterial co-infections were 328 detected in 24-30% of critically ill patients (11,12) and fatal cases (28). In one study, 329 bacteremia was detected in 4.5% of ICU treated malaria patients, however 8/18 of those were 330 nosocomial infections (12). It is possible that health seeking behaviour and patient delay in 331 different settings affect the severity of disease as well as the incidence of bacterial co-332 infections. Our study included both severe and uncomplicated malaria cases and the majority 333 of cultures were taken at admission, which gives a valuable insight into the community-334 acquired prevalence of bacterial co-infections in travelers with malaria. 335
336
In a recent study including 67 adults with different severity of malaria in India, only one 337 patient with non-severe malaria had bacterial growth in the blood (Streptococcus pyogenes) 338 (29). Also in our study, the majority of patients were adults (88% ≥15 years). Evans et al. 339
described that bacteremia affects younger children more often and severely than older 340 children, and they argued that young children are more vulnerable due to factors such as 341 decreased gastric acidity or immaturity of gut lymphoid tissue (20). Another proposed 342 mechanism by which malaria patients succumb to bacteremia is through increased gut 343 permeability (9,30). Parasite sequestration has been found in the intestines of patients with 344 fatal cerebral malaria (31), and extensive microvascular obstruction in the rectal mucosa is 345
proportional to the severity of malaria (32). This may lead to a breakdown of the gut-blood 346 barrier that permits bacterial invasion; and gastrointestinal permeability has been shown to be 347 increased during P. falciparum infection (9). If the permeability is similar in travelers and 348 children living in endemic areas, our results might suggest that factors related to differences in 349 on November 5, 2017 by guest 
